"Synthacaine" is a New Psychoactive Substance which is, due to its inherent psychoactive properties, reported to imitate the effects of cocaine and is therefore consequently branded as "legal cocaine". The only analytical approach reported to date for the sensing of "Synthacaine" is mass spectrometry. In this paper, we explore and evaluate a range of potential analytical techniques for its quantification and potential use in the field screening "Synthacaine" using Raman spectroscopy, presumptive (colour) testing, High Performance Liquid Chromatography (HPLC) and electrochemistry. HPLC analysis of street samples reveals that "Synthacaine" comprises a mixture of methiopropamine (MPA) and 2-aminoindane (2-AI). Raman spectroscopy and presumptive (colour) tests, the Marquis, Mandelin, Simon's and Robadope test, are evaluated towards a potential in-the-field screening approach but are found to not be able to discriminate between the two when they are both present in the same sample, as is the case in the real street samples. We report for the first time a novel indirect electrochemical protocol for the sensing of MPA and 2-AI which is independently validated in street samples with HPLC. This novel electrochemical approach based upon one-shot disposable cost effective screen-printed graphite macroelectrodes holds potential for in-the-field screening for "Synthacaine".
Introduction
In the last few years there has been a striking increase in the sale of "New Psychoactive Substances" (NPSs) formerly known as "legal highs".
1 These chemicals may be bought through the internet at low cost and are sometimes pure compounds which display highly similar chemical structures to existing controlled substances within the phenethylamine class. "Synthacaine" is a slang term derived from "synthetic" and "cocaine" however this "legal cocaine" product, like many branded as "legal highs", differs considerably with respect to their constitution and in batches from the same vendor, due to variations in regional legislative control. Brazilian "Synthacaine", for example, contains primarily dimethocaine, 2 whereas camfetamine was identified in samples seized in Ireland. 3 Blends are not uncommon in Europe, for example, mixtures of MAM-2201 (a synthetic cannabinoid) 4 or methiopropamine (MPA) 5 with benzocaine have been reported in Italy and Austria respectively. In the UK, "Synthacaine" is distributed principally as a mixture of two CNS-stimulants, methiopropamine 6-8 and 2-aminoindane (2-AI), 9 which mimic the effects of the controlled stimulant methamphetamine. The prevalence of blended "legal high" products has given rise to both legal and analytical challenges in the rapid detection of these substances by law enforcement and customs officialsas many of the field tests are unable to reliably discern individual components with a mixture of compounds. Electrochemistry is an advantageous analytical tool that is adaptable to an in-the-field device, in light of its portability, and can exhibit sensitivity and selectivity toward many target analytes. Previous work on the development of robust electrochemical methods for the sensing of the synthetic cathinones, either in their pure form 10 or in the presence of common adulterants 11 have the potential as rapid, simple and cost-effective on-the-spot analytical screening tools with graphite screenprinted electrodes. In this paper the further development of our novel electrochemical sensing protocol utilizing disposable graphite screen-printed electrodes is reported and compared against alternative techniques (e.g. colour tests or Raman spectroscopy) utilized as presumptive screening tools for the detection of illicit drugs. Our methodology offers a low-cost, single-shot, disposable yet highly reproducible and reliable sensing platform for a potential portable sensing approach for the detection of NPSs. This electrochemical protocol as a tool is validated in street sample of "Synthacaine" which has been independently validated with HPLC showing excellent agreement and providing validation that our electroanalytical approach can be used for the quantification of "legal high" samples.
Experimental
All chemicals were of commercial quality (obtained from Sigma-Aldrich, Gillingham, UK) and used without further purification. 2-Aminoindane hydrochloride (2-AI) was obtained from Apollo Scientific Limited (Stockport, UK) and used without further purification. The street sample of "Synthacaine" was obtained from obtained from "Buy Research Chemicals UK" (http://www.brc-chemicals.com) and used without further purification.
1 H-and 13 C-NMR spectra were acquired on a JEOL AS-400 (JEOL, Tokyo, Japan) NMR spectrometer operating at a proton resonance frequency of 400 MHz. Samples of (±)-methiopropamine, 2-aminoindane and "Synthacaine" (10 mg/0.60 mL) were dissolved in either CDCl 3 or DMSO-d 6 and filtered prior to analysis. Infrared spectra were obtained in the range 4000-400 cm −1 using a ThermoScientific Nicolet iS10ATR-FTIR instrument (ThermoScientific, Rochester, USA). GC-MS spectra were recorded on an Agilent 6890 gas chromatograph with split-splitless injection (sample volume: 1 µL) and a HP-5MS column (30 m × 0.25 mm, 0.25 µm film thickness). Helium (He) was used as the carrier gas at a flow rate of 1.0 mL min −1 .
The GC was coupled to an Agilent 5973 MSD (EI, 70 eV, TIC mode scanning m/z 50-500) and injector port was set at 275°C, the transfer line at 280°C. The following temperature program was used: 60°C for 3 min, 20°C min −1 to 280°C, 280°C for 5 min. High-resolution mass spectra were recorded on an Agilent 1260 infinity LC coupled to a 6540 UHV accurate mass Q-TOF mass spectrometer by looped injection using electrospray ionisation (ESI, collision energy: 15 eV). Ultraviolet spectra were obtained using a Unicam 300 UV spectrophotometer (ThermoScientific, Rochester, USA). Thin-Layer Chromatography (TLC) was carried out on aluminium-backed SiO 2 plates (Merck, Darmstadt, Germany) and spots were visualised using ultra-violet light (254 nm). Melting points were determined using Gallenkamp 5A 6797 apparatus (Gallenkamp, Germany) and are uncorrected. Synthesis of (±)-methiopropamine hydrochloride (MPA)
The title compound was prepared using an adaptation of the synthesis reported by Blicke et al. 6 as an off-white crystalline 
High performance liquid chromatography (HPLC)
Reverse phase high-performance liquid chromatography was performed with an integrated Agilent HP Series 1100 Liquid Chromatograph (Agilent Technologies, Wokingham, UK) fitted with an in-line degasser, 100-place auto-injector and diodearray UV absorbance detector (monitoring at 233 nm (MPA) and 207 nm (2-AI) respectively). Data analysis was carried out using ChemStation for LC (Ver. 10.02) software (Agilent Technologies, Wokingham, UK). The mobile phase was aqueous acetonitrile : ammonium formate buffer (10 mM, pH 3.5 ± 0.02) (10 : 90 v/v); the flow rate was 1.2 mL min −1 with an injection volume of 10 μL. Six replicate injections of each calibration standard were performed. The stationary phase (ACE 3 C 18 , 150 mm × 4.6 mm i.d., particle size: 3 μm) used in the study was obtained from HiChrom Limited (Reading, UK). The column was fitted with a guard cartridge (ACE 3 C 18 ) and maintained at an isothermal temperature of 22°C with an Agilent HP Series 1100 column oven with a programmable controller (Agilent Technologies, Wokingham, UK). Preparation of aqueous ammonium formate buffer (10 mM, pH 3.5 ± 0.02). 1.30 g ammonium formate was dissolved in 1.8 L ultra-pure deionised water and the pH of the solution adjusted by drop wise addition of formic acid (98-100%) to pH 3.5 (±0.02). The mixture was transferred to a 2 L clear glass volumetric flask and diluted to volume with ultra-pure deionised water. Prior to use, all mobile phases were vacuum filtered through a 0.45 µm pore filter paper and degassed for 10 min at 25°C using an ultrasonic bath.
Calibration standard [2-aminoindane, 2-AI]. 40.0 mg of 2-aminoindane hydrochloride was weighed accurately into a 100.0 mL clear glass volumetric flask and diluted to volume with mobile phase to give solutions containing all components at 400.0 μg mL Raman spectroscopy. Analysis was performed using a InVia confocal Raman microscope fitted with ×50 objective lens and argon laser (514.3 nm excitation). Spectra were recorded using a 10 s exposure time for each experiment. Three spectra were recorded and an average representation is presented within the manuscript.
Presumptive tests. Presumptive tests were carried out according to the United Nations recommended guidelines. 21 The following standard presumptive tests applied in this study: (i) Marquis; (ii) Mandelin; (iii) Simon's and (iv) Robadope test(s). The preparation of the reagents and test procedure is detailed below. Six repetitive tests of each compound were conducted and negative control samples were used in all tests. The ESI contains images of the spotting tiles (after 5 minutes). solution (10 mL). 1-2 drops each test sample in methanol (10 mg mL −1 ) was placed into a dimple well of a white spotting tile and 2 drops of Reagents 1-3 was added sequentially with stirring after each addition. Any colour change or other noticeable effect occurring immediately on addition of the reagents was noted and observations were made again after 5 min. Robadope test. Reagent 1: 2% aqueous sodium carbonate solution (10 mL); Reagent 2: 1% aqueous sodium nitroprusside solution (10 mL); Reagent 3: 50% ethanolic acetone solution (10 mL). 1-2 drops each test sample in methanol (10 mg mL −1 ) was placed into a dimple well of a white spotting tile and 2 drops of Reagents 1-3 was added sequentially with stirring after each addition. Any colour change or other noticeable effect occurring immediately on addition of the reagents was noted and observations were made again after 5 min.
Results and discussion
The "Synthacaine" street sample was obtained as detailed in the Experimental section with its (unknown) composition initially determined using High Performance Liquid Chromatography (HPLC).
High performance liquid chromatography
Elliott et al. 22 have reported utilising HPLC and LC-MS techniques to separately determine 2-AI and MPA in the toxicological screening of the analytes in plasma, however, no fully validated methods (or limits of detection and quantification) for the substances have, to-date, been reported. A HPLC chromatographic method was developed employing an isocratic elution (see Experimental section), to ensure both optimal detection of the analytes and a rapid analysis time. The two baseline resolved analytes eluted at 4.8 (2-AI) and 5.4 (MPA) min respectively (Fig. 1a and 1b Table 1 . The purchased sample of "Synthacaine" was analysed using the validated method at a concentration of 40 μg mL −1 (Fig. 1c) . The results confirm that the sample only contained the two alleged components (t R = 4.8 min [minor, 2-AI, 42.3% w/w, %RSD = 3.23%, N = 3] and t R = 5.4 min [major, (±)-methiopropamine, 57.2% w/w, %RSD = 1.31%, N = 3], unlike other NPSs this sample of "Synthacaine" appeared to be of high purity (99.5% w/w) there was no evidence (confirmed by 1 H-NMR, vide supra) that it contained any additional NPSs or commonly used diluents and/or adulterants. Next, attention was turned to exploring whether presumptive colour tests can be potentially used for the in-the-field determination of "Synthacaine" and its components.
Presumptive colour tests
Presumptive colour tests were carried out according to the United Nations recommended guidelines. 21 As there are no reports regarding the presumptive testing of 2-AI and MPA, the following standard presumptive tests were applied in this study: (i) Marquis test; (ii) Mandelin test; (iii) Simon's test and ) and (±)-methiopropamine hydrochloride (MPA, peak c, 10 µg mL ) and (±)-methiopropamine hydrochloride (MPA, peak c, 10 µg mL (iv) Robadope test. The preparation of the reagents and test procedure is detailed in the Experimental section. A solution of each reference standard (10 mg mL −1 ) was prepared in methanol and 1-2 drops placed into a dimple well of a spotting tile. The required presumptive test reagent (1-2 drops) was then added and any colour change or other noticeable effect occurring immediately on addition of the reagents was noted and observations were made again after 5 min. The results (see ESI, SI-1 †) indicated that the secondary amine, MPA, gave a positive reaction with Marquis and Simon's reagents, whilst the primary amine, 2-AI, gave a positive reaction with the Mandelin and Robadope reagents. The sample of "Synthacaine" obtained from Buy Research Chemicals UK (http://www.brc-chemicals.com), which purported to contain an undisclosed mixture of (±)-methiopropamine and 2-AI, was screened against the standard tests. The sample (see ESI, SI-2 †) gave a positive reaction with Marquis, Mandelin and Simon's reagents indicating that the sample may indeed contain both (±)-methiopropamine and 2-AI, however, the colour observed with Mandelin reagent was a much darker brown-red than that observed with the pure 2-AI reference standard, indicating that there may be either another compound (adulterant or diluent) present or interference between the mixture of components and test reagents. The absence of additional adulterants/diluants, the sample (10 mg/0.6 mL −1 ) was confirmed through 1 H-NMR (400 MHz, DMSO-d 6 ) analysis and comparison with standards of (±)-methiopropamine and 2-AI (recorded under identical conditions). The 1 H-NMR data indicated that the "Synthacaine" sample was essentially a mixture of MPA and 2-AI in a ratio of 60 : 40% (MPA : 2-AI). As NMR is not considered a routine method of analysis in many forensic laboratories, we investigated whether any interference between the components and/or the test reagents was a possible explanation of our observations. Solutions containing 25 : 75% v/v; 50 : 50% v/v and 75 : 25% v/v (MPA : 2-AI) were prepared by mixing appropriate volumes of solutions (10 mg mL −1 ) of the reference standards in methanol and screened against the standard tests. The data (see ESI, SI-3 †) indicated that in all cases the test reagents (when compared to the pure standards) confirmed the presence of MPA (even at concentrations circa. 25% v/v), however, the presence of 2-AI (indicated by a positive reaction with Mandelin and Robadope reagents) was not as easy to discriminate using this method and was only visible when present at high concentrations (circa. 75% v/v). In none of the mixtures was the intense redbrown colour with Mandelin's reagent observed, demonstrating that the utilisation of this presumptive colour test in particular for products containing these two compounds is potentially problematic and cannot be relied upon in these cases. The NMR spectra are illustrated in Fig. SI-4 . † Following the failure of the presumptive colour tests to determine the components of "Synthacaine", Raman Spectroscopy was next explored.
Raman spectroscopic detection of MPA and 2-AI
Raman spectroscopy has been reported to be used in the screening of NPSs, 23, 24 but is yet to be explored towards Synthacaine and its components. The analysis of MPA, 2-AI and MPA/2-AI simultaneously was consequently performed using Raman Spectroscopy with the obtained spectra depicted in Fig. SI -5 † for 2-AI and MPA. In the Raman spectrum of 2-AI it is possible to identify the peaks similar to those seen in the spectra of amphetamine which is expected since 2-AI is an analogue of amphetamine. 25, 26 Note: due to the phenomenon of fluorescence, the Raman spectrum for MPA failed to produce a satisfactory result. Fig. 1C shows the Raman spectra for the simultaneous detection of MPA/2-AI in different ratios: (a) 50% w/w of MPA + 50% w/w of 2-AI, (b) 75% w/w of MPA + 25% w/w of 2-AI and (c) 25% w/w of MPA + 75% w/w of 2-AI. Again, in light of the fluorescence omitted by the MPA, visible in Fig. 1C , it is not possible to simultaneously detect both MPA/2-AI together using Raman Spectroscopy as is the case for the "Synthacaine" sample. Given the failure of the presumptive colour tests and the Raman Spectroscopy to provide a satisfactory detection approach for "Synthacaine", the use of an electrochemical protocol was explored. 
Electrochemical detection of MPA and 2-AI
In order to overcome the limitations identified above with the presumptive (colour) tests and the Raman spectroscopy which demonstrated that analysis of the components of "Synthacaine" cannot be performed, attention was turned in order to explore the use of electrochemical techniques which has been previously applied into the sensing of other NPSs 11 but not yet examined for "Synthacaine". Initially, the direct electrochemical oxidation of MPA and 2-AI (167 µg mL −1 ) in pH 10.50 carbonate buffer using screenprinted graphite electrodes (SPEs) was explored using cyclic voltammetry (see Fig. SI-6 †) . The direct electrochemical response was tested towards a range of different pHs (2.00, 7.00 and 10.50) where it was observed that MPA undergoes electrochemical oxidisation with the largest signal at basic pHs ( pH 10.50) whereas 2-AI is found to be inactive across the entire pH range. In the case of MPA, an oxidation wave appears at approximately +0.94 V (vs. Ag/AgCl) (Fig. SI-6A †) with no visible reversible wave which is indicative of an electrochemically irreversible process. For the case of 2-AI, there was no cyclic voltammetric response (Fig. SI-6B †) observed. It is clear that the direct electrochemical oxidation of both compounds, as would be needed for sensing the components of the street sample "Synthacaine", is not viable using a direct electrochemical approach utilising carbon electrodes, and as such, the direct simultaneous detection of analytes is not be possible. To overcome this limitation, an indirect electrochemical methodology was then developed. In this approach, chemical moieties are employed which first chemically react with the target analytes, in this case MPA and 2-AI, to produce a product which can be electrochemically monitored and provide the indirect electrochemical signal with which to measure the target analytes. Based on previous work for the indirect detection of amine cyclohexylamine 27 the following mediator was chosen: N,N′-(1,4-phenylene) dibenzenesulfonamide.
To select the optimum pH for the indirect detection of MPA and 2-AI, the pK a of the target analytes, which were estimated using structure based predictions are 9.9 and 10.4, 28 respectively, was taken into account. It is desirable for the amine groups of both analytes to be used as bases (i.e. a pH above the pK a ) and not as their conjugative acids as in this form they do not react with the selected mediators. (n = 3). Note that in this case and herein, a single SPE was used in each of the reported electrochemical experiments; these experiments were repeated with a new SPE utilised for each concentration addition where identical peak heights were observed with that using the same SPE suggesting either approach is viable. with the SPE surface in −0.37 V (vs. Ag/AgCl). 29 Following additions of 2-AI, an increase in the current intensity of the reduction peak at −0.16 V and a small increase of potential into cathodic regions. each showing two linear responses over the entire concentration range studied. It is important to note that the mediators react to a considerable extent over the timescales of the reaction such that no waiting times are required ensuring that the electrochemical protocol is time efficient. The limit of detection (3σ) for both analytes were calculated from the resultant calibration plots; for MPA over the first linear region of 1.00-3.98 µg mL −1 (I P /μA = −0.14[µg mL indirect electrochemical methodology for the sensing of MPA, 2-AI and MPA/2-AI (simultaneous detection). Through this scheme, the origin of the peaks presented in each voltammogram described above for the reduction of: MPA, 2-AI, MPA/2-AI and mediator are explained. It is interesting to consider the limitation of this indirect approach. Currently, "Synthacaine" in the UK is comprised of just only MPA and 2-AI. In our approach, the mediators only react with primary and secondary amines and due to the formed electrochemical products, produce new analytical signals which are well resolved from each other. Currently since "Synthacaine" is a new compound, there are no reports of it being "cut" with other chemicals. For instance, synthetic cathinones contain caffeine. 11 Since this is not a primary or secondary amine, caffeine will not be an interferent. However, other compounds, which are primary or secondary amines could cause a problem. For instance, we explored the use of the mediator towards the sensing of methamphetamine and amphetamine and find that new voltammetric signals appear at −0.35 V (vs. SCE; pH 10) and −0.17 V (vs. SCE; pH 10) which will potentially overlap with the electro- chemical signal for the mediator with MPA and 2-AI. Note that due to "Synthacaine" being newly introduced (at the time of writing this paper) more information is required to understand its composition but likely will not deviate much. In such instances where the sample mixture is complex, recourse to HPLC with electrochemical detectors would be needed; such work is underway.
Electrochemical detection of "Synthacaine" and independent validation
The above indirect electrochemical protocol was next explored towards the sensing of the street sample "Synthacaine". Fig. 4 shows the indirect electrochemical oxidation of "Synthacaine" is due to matrix effects of the "Synthacaine" sample. Calibration plots for peaks (II) and (III) were constructed (see Fig. 4 inset) and each showing two linear responses over the entire concentration range. The second linear response was used in both cases for the calculation of the MPA and 2-AI concentrations inside the "Synthacaine" sample. Table 2 lists the parameters obtained of the linear response for MPA and 2-AI. The comparison of the electrochemical and high performance liquid chromatography (HPLC) results are reported in Table 3 which independently validates the proposed indirect electrochemical sensing protocol.
Conclusions
This paper has presented for the first time a thorough overview of analytical methodologies for the sensing of newly available psychoactive substance "Synthacaine". Within the scope of developing a reproducible technique that is cost-effective, rudimentary in function and potentially scaled down to a portable 'on-site' sensor; a novel indirect electrochemical approach is postulated. Utilising graphite screen-printed electrochemical sensors in tandem with a N,N′-(1,4-phenylene)dibenzenesulfonamide mediator (1 mg mL −1 ) the two components of "Synthacaine" (a mixture of MPA and 2-AI) were, for the first time, successfully indirectly quantified when analysed with linear sweep voltammetry. The developed electroanalytical protocol was applied to 'street' samples and validated with independently performed High Performance Liquid Chromatography (HPLC) wherein comparable values for the quantification of 'street' samples were achieved. The work presented within the manuscript details the potential for the development of an indirect electrochemical sensor, shown to be vastly superior to Table 2 Analytical parameters obtained from the linear responses following a series of additions of both MPA and 2-aminoindane. I and II relate to the relative peaks which are observable in Fig. 4 "Synthacaine" a direct approach by improving resolution between two similar analytes, which is capable of quantifying 'street' samples of "Synthacaine". With further development the developed protocol has the potential of rapidly detecting a wide array of 'NPSs and consequently aiding authorities in the fight against "legal highs"'.
